In complete transposition of the great vessels the pulmonary and systemic circulations exist as two separate circuits. Although the pulmonary and the systemic blood flows may vary widely, the effective pulmonary blood flow is often small (Shaher, 1964) . While the acid-base balance in the systemic circuit has been studied by several workers (Sunico, Harned, and Ordway, 1960; Gootman, Scarpelli, and Rudolph, 1963; Talner et al., 1965) , there is very little known about the acid-base balance in the pulmonary circuit (Gootman et al., 1963) and the relation between them. The object of this paper is to present the findings in a group of patients with complete transposition of the great vessels in all of whom the acid-base balance has been determined in both the pulmonary and the systemic circuits. The large majority of these patients had associated defects, either congenital or surgically created, and had survived beyond infancy.
SUBJECTS AND METHODS
Nineteen patients with complete transposition of the great vessels were investigated by cardiac catheterization. They were divided into three groups as follows:
Group I: eight patients with an intact ventricular septum.
Group II: seven patients with a ventricular septal defect.
Group III: four patients with a ventricular septal defect and pulmonary stenosis.
Their ages at cardiac catheterization ranged from 1 day to 13 years. An atrial septal defect had been surgically created earlier in life in 10, a Blalock-Taussig anastomo-sis performed in one, and a Baffe's operation in one. Mild sedation (Smith, Rowe, and Vlad, 1958) before cardiac catheterization was given to all patients except those in the first two months of life. All patients were quiet and breathing room air. Blood samples were taken from the aorta (Ao) and a pulmonary vein (PV) in each case and, in addition, from the superior vena cava (SVC) and left ventricle (LV) or pulmonary artery (PA) in 10. Samples were taken anerobically in rapid succession into heparinized syringes and were analysed within five minutes for pH, Po2 and Pco2. pH was measured using a micro-glass electrode, P02 using a Clark-type electrode, and Pco2 using a modified Severinghaus electrode (Instrumentation Laboratories, Inc.). The electrodes were calibrated between each estimation using known gas mixtures. In addition, blood lactate and pyruvate levels were measured in systemic arterial blood in 10 of these 19 patients, using the enzymatic methods described by Scholz et al. (1959) , and by Hess (1955) (Calbiochem) . The normal ranges for this method in our laboratory are for pyruvate 0-2 to 0 7 mg./100ml. (0-02 to 0-08 mEq/l.) and for lactate 3-11 mg./100 ml. (0 33 to 1-22 mEq/l.). In calculating pulmonary, systemic, and effective pulmonary blood flows the following equations have been used:°V Abbreviations as in Table I . Abbreviations as in Table I .
-RESULTS Acid-base Balance. The results are given in Tables r, II , and IIT. It will be seen that in all three groups' the pH of the systemic blood varied on the acid side of normal, while that from the pulmonary circuit was more alkalotic. In all three groups the PCO2-Of the systemic blood was considerably higher than that in the pulmonary circulation. The mean pH, Poc2, and PCO2, as well as the standards of deviation in the SVC, Ao, PV, and PA or LV, are illustrated in Fig. 1, 2 , and 3.
Lactates and Pyruvates. The results are given in Gootman et al. (1963) more recently reported a study in four patients with cyanotic congenital heart disease, one of whom had transposition of the great vessels: all had in common a conspicuously reduced effective pulmonary blood flow, and pulmonary venous blood samples were obtained in each case.
The present work increases the data available by the addition of measurements of acid-base balance in both systemic and pulmonary circulations in a further 19 patients with complete transposition of the great vessels. rt is clear that in each of our patients, regardless of the anatomy of the associated defects or the amount of pulmonary blood flow, the systemic arterial sample had a lower pH and a higher Pco2 than that obtained from the pulmonary veins. From the point of view of the pulmonary venous blood, therefore, hyperventilation is implied. Since the systemic arterial Pco2 and pH in complete transposition result from the admixture of a large amount of systemic venous blood with a low pH and Po2 and high Pco2 with a small amount of pulmonary venous blood (effective flow) with a high pH and Po2 and low Pco2, which has crossed through the associated defects, the hyperventilation helps to maintain the systemic arterial acid-base status normally or only slightly towards the acid side. The hyperventilation may thus be considered as a barely effective respiratory compensation for systemic acidosis. It is similarly obvious that the pulmonary arterial Pco2 and pH result from the admixture of a large amount of pulmonary venous blood with a small amount of systemic venous blood which has crossed through the associated defects. Huckabee (1958) has shown that anarobic tissue metabolism begins to assume significance at systemic arterial P02 levels below 35 mm. Hg. At these levels the lactic acid-pyruvic acid relationship is disturbed, resulting in a greater proportion of lactic acid. This is supported by the present series in that Patients 1 and 2 with the lowest arterial Po2 had the highest lactates and lactate/pyruvate ratios.
Recently Talner and his co-workers (1965) studied the acid-base balance in the systemic circuit of 20 patients with congenital heart disease who were in heart failure. Three ofthem had transposition of the great vessels. They concluded that the occurrence of systemic acidosis in these patients must be respiratory in origin, since all the patients they studied shared the features of large pulmonary blood flow and pulmonary congestion. They suggested that pulmonary congestion, giving rise to diminished lung compliance and airway obstruction, produced respiratory acidosis.
The data from the present series of 19 patients show that the pulmonary venous Pco2 was low in all of them, suggesting that there was no abnormality in the gaseous exchange mechanisms at alveolar-capillary level. In addition, pulmonary venous congestion, as evidenced by mean left atrial pressure, was absent in 18 of our 19 patients.
Patient 18, with mildly raised left atrial pressure, had pulmonary stenosis. Pulmonary venous congestion and heart failure, however, may be responsible for the abnormalities in the other patients described by Talner, and certainly heart failure might be expected to increase the abnormalities in the systemic circuit in patients with complete transposition of the great vessels through the mechanism described.
Lastly, it is clear that our patients are not truly representative of the entire range of cases with transposition of the great vessels, a large number of whom present early in life with a much more severe disturbance than is demonstrated here. However, for obvious reasons it is not always possible to secure full information regarding acid-base status in both circulations in these severely ill infants. These data present the picture in those children who, because of associated defects-either surgical or congenital-and presumably larger effective pulmonary blood flow, have survived infancy. The disturbance in the severely ill group is likely to be of the same nature but more grave (i.e. with more acidosis in the systemic and more aLkalosis in the pulmonary circulation), because of lack of sufficient communication between the two circulations, and complicated, as in two of our patients, by a lactic acidosis due to hypoxia.
SUMMARY
Blood samples were taken from pulmonary vein and systemic artery in 19 children with complete transposition of the great vessels, and were analysed for oxygen and carbon dioxide tensions and pH. Of the 19, 11 had a ventricular septal defect (with pulmonary stenosis in four), while eight had an intact ventricular septum. In all of them the pulmonary vein Pco2 was lower and the pH higher than in the aorta. Lactate/pyruvate ratio was measured in 10 out of 19 patients and was highest in the two who had the lowest systemic arterial saturation.
